The aim of the study was to determine if changes in the body build of judo athletes over a time span of 20 years are in line with trends described in the literature. Anthropometry of 60 male and 46 female judokas was performed. Data was collected from two cohorts: the first involved 30 males and 23 females measured in 1994-1995 and the second 30 males and 23 females in 2013. Anthropometric profiles included measurements of skinfolds, height, weight, and body and segment lengths, breadths, and girths. Although relatively identical heights and weights were found between the cohorts, significant differences were detected for body proportion measures. Males in 1994-1995 showed a significantly longer trunk, wider shoulders and hips, and more subcutaneous adipose tissue than the 2013 cohort. Females in 1994-1995 showed a shorter trunk, larger diameters of the trunk in relation to body height, and significantly lower skinfold thicknesses than the 2013 cohort. The direction of changes in the physical characteristics of judokas should be taken into consideration by coaches during training. Combat techniques should be adapted to the morphological traits of the athletes to achieve success and minimize the risk of overloading or injury.
Introduction
Secular changes in human beings are indicative of how the body develops in light of genetic determinants (Tanner, 1992; Bielicki, Szklarska, 1999) . According to Henneberg (2001) , these changes are the result of factors that affect gene expression responsible for growth. Significant factors include healthcare, diet, the state of livestock farming and agriculture, all of which may stimulate the endocrine system to secrete growth hormones. The literature most commonly indicate secular trends in increased body height and reduced age of sexual maturation (Roche, 1979; Tanner, 1987; Malina, 1990; Hauspie, Vercauteren, Susanne, 1997; Bielicki, Szklarska, 1999; Cole, 2000) .
#0#
The average age of male subjects in the first group was 21.5 ±2.7 years, while in the second group it was 22.4 ±2.9 years. In the group of female subjects examined in 1994-1995 the average age was 21.7 ±2.4 years, while in the second group -21.9 ±2.6 years. The overall length of time that the male and female athletes had spent practising their discipline was 7-16 years.
The male subjects represented weight categories from 66 to 90 kg and the female subjects -from 52 to 78 kg. In the cohorts examined in 1994-1995 and in 2013 the share of the representatives of each weight category was the same.
Measurements
Measurements were administered according to International Standards for Anthropometric Assessment (ISAK) (Norton, Olds, 2002) . They were supplemented by a few measurements. Anthropometric measures selected for analysis included: body height (B-v), trunk length (sst-sy), upper limb length (a-da3), lower limb length (B-tro), biacromial diameter (a-a), chest diameter (thl-thl), chest depth (xi-ths), biiliocristal diameter (ic-ic), elbow breadth (cl-cm), knee breath (epl-epm), shoulder circumference, chest circumference at rest and at peak inhalation and exhalation, waist circumference, arm circumference at rest and flexed, hip circumference, and maximal circumferences of the forearm, thigh, and calf. A Harpenden body fat caliper was used to obtain skinfold measurements at the subscapular, triceps, forearm, suprailiac, abdominal, and medial calf regions. The measurements were made by the same people. Body height, lengths and breadths were measured to the nearest 0.1cm with the use of a GPM Anthropological Instruments (SiberHegner Machinery Ltd., UK). Skinfold thickness was measured with a Tanner/Whitehouse skinfold calliper (Holtain, UK) with 0.2 mm graduation. Body mass was measured with an electronic weighing scale with an accuracy of 0.1 kg. Somatotype was classified according to Sheldon's method as modified by Heath and Carter to determine the levels of endomorphy, mesomorphy, and ectomorphy in the cohorts (Carter, Heath, 1990) . Body proportions were calculated based on the following ratios: trunk length/body height, biiliocristal diameter/biacromial diameter, biacromial diameter/body height, biiliocristal diameter/body height, chest circumference at rest/body height, chest depth/chest diameter, waist circumference/hip circumference (WHR), and BMI. Muscle strength was assessed with a Takei handgrip dynamometer. The handgrip was adjustable and measured force from 0 to 100 kgf with an accuracy of 0.5 kgf.
Statistical analysis
Basic statistical methods included the Kolmogorov-Smirnov test to determine the normality of the data, finding it did not significantly deviate from a normal distribution. On this basis, all subsequent statistical methods assumed a normal distribution. Intergroup differences were assessed using Student's t test. The strength of associations between handgrip strength and the anthropometric measures were determined by the Pearson product-moment correlation coefficient. The results obtained were analysed with the use of basic statistical methods (Statistica 12.0).
Ethical approval
Ethical approval for the project was obtained from the Ethical Committee at the University School of Physical Education in Wrocław (Ethical clearance 23.10.12). Their ethical guidelines were honoured throughout the study. Participants provided oral informed consent prior to testing.
Results
No differences in body height were found between the male and female judokas from the two cohorts (Table 1) . The male judokas in 1994-1995 had a significantly longer torso and wider shoulders and hips than the 2013 cohort. Among the circumference measures, significant differences were observed for arm circumference ( Table 2) . The 2013 male cohort had approximately 1.5 cm larger arm circumferences at rest and when flexed. Among the females, no statistically significant differences were noted except for shoulder circumference. The 2013 female cohort were measured with more than 4 cm smaller shoulder circumferences than their peers from 1994-1995. Larger values of subcutaneous adipose tissue was found among the male cohorts from 1994-1995 than those in 2013. Although almost all skinfold values were larger, only triceps skinfold thickness was statistically significant (Table 3) . Consequently, this finding was congruent with the significantly larger proportion of endomorphy and lower share of mesomorphy in the 1994-1995 cohorts. Opposite results were found in the group of female judokas. The 2013 females showed increased skinfold thickness compared with the 1994-1995 cohort. With the exception of the subscapular skinfold, the remaining skinfold measures were significantly different between the two cohorts, the effect of which accounted for the higher level of endomorphy in the 2013 females.
When comparing body proportions, a number of significant differences were also observed ( Table 4 ). The 1994-1995 male cohort exhibited greater biacromial and biiliocristal diameters in relation to body height than their peers from 2013. In addition, they showed a relatively longer trunk and lower waist circumference/hip circumference ratio. Similar among the females, the 1994-1995 cohort had larger biacromial and biiliocristal The search for associations between handgrip strength and the anthropometric measures indicated that the strongest correlation among males was between handgrip strength and body weight, circumferences of the forearm and arm, and humerus breadth (Table 5 ). Among females, the strongest relationship was between handgrip strength and body weight, body height, chest circumference, and biacromial diameter.
Discussion
When analyzing for trends in body build, the majority of the literature indicates increased body height in successive generations of Polish males and females (Milicer et al. 1974; Hughes et al. 1997; Pilicz, 1998; Sitek et al. 2007; Mleczko, Januszewski, 2009; Stachoń et al. 2012 ). This finding was not confirmed in the samples of male and female judo practitioners from 1994-1995 and 2013, although this may have been the effect of sampling athletes from the same weight categories.
In other populations, Tanner, Hayashi, Preece, Cameron (1982) indicated a secular trend in body height due to changes in lower limb length resulting in differences in trunk /leg proportions. Compared with the present study, a similar result was found among the males in which the 2013 cohort exhibited significantly reduced trunk length in relation to body height and also to lower limb length. This is unfavorable for judokas, because the center of gravity is higher. Among females, a significant increase in the length of the trunk was found among the 2013 cohort. Various authors have suggested that the physical traits of a martial artist could be used to determine the most optimal fighting technique (Sterkowicz-Przybycień, 2010) . A similar conclusion was reached by Lech, Sterkowicz, Rukasz (2007) , who found that taller and thinner individuals were more likely to use leg techniques, while those larger and shorter more commonly used hand techniques. Differences were also found in the effectiveness of blocking depending on body height. The results of the present study indicate the validity of analyzing fighting techniques in martial arts by controlling for the physical traits of martial artists.
The literature on the Polish population describes a slimmer body profile in successive generations of young adult males (Piechaczek et al. 1996; Milicer et al. 1974; Pilicz, 1998; Mleczko, Januszewski, 2009) . While the results of the present study did indicate a decrease in skeletal size (biacromial and bicristal diameters), the body profile of the males became more massive due to increased muscle mass. This was indicated by the significantly larger arm circumferences and larger waist circumference/hip circumference ratio. A significant increase of mesomorphy was also found in the 2013 cohort, in which a trend of decreased skinfold thickness and, consequently, decreased level of endomorphy can be seen. A similar trend in the level of mesomorphy was observed by Stachoń et al. (2012) among males attending a physical education university. However, none of the cited studies found any significant changes in the level of endomorphy. Low body fat content is known to assist fighting performance as well as improve blocking reaction speed, qualities that are very important in combat sports (Pieter, Bercades, Kim, 2006) . Therefore, the observed differences between the generations of judokas may be indicative of suitable training methods.
Among the female judokas, a trend similar to the males was observed in the diameters of the torso. The 2013 cohort exhibited smaller shoulder and hip diameters than those from 1994-1995. While no significant changes in musculature and BMI were noted, a marked increase in skinfold thicknesses can be observed, which resulted in a significantly greater level of endomorphy. A similar trend was observed in Polish physical university students by Stachoń et al. (2012) .
Research conducted on different populations has found that the trend for increased stature and earlier development did not translate into improved motor skills (Roche, 1979; Pilicz 1998; Mleczko, Januszewski, 2009; Przewęda, Dobosz, 2003; Przewęda, 2009; Drozdowski, Ziółkowska-Łajp, 2012) . Due to a lack of data, long-term changes in the level of motor performance was not analyzed in the present study. However, we did search for relationships between handgrip strength and the anthropometric measures in the 2013 cohort.
Studies have shown that in judo a competitor holds an opponent by judogi (clothing) for a long time. A substantial handgrip strength is crucial in fight circumstances (Marcon, Franchini, Jardim, Neto, 2010; Vidal Andreato et al., 2011) . The findings indicate that handgrip strength in males most strongly correlated with body weight and limb circumference. The observed trend of increasing limb circumference when comparing the 2013 and 1994-1995 cohorts allows for the conclusion that the strength ability of judo practitioners has increased compared with the previous generation of judokas. Other studies have confirmed the relationship between strength and the cross-sectional area of muscle (Maughan, Watson, Weir, 1983) . The correlation coefficients were lower in females, with the strongest relationship between handgrip strength and the upper torso measures. This result supports the conclusion that handgrip strength in female judokas from 2013 is not directly related with changes in their body size and shape.
Conclusions and Practical application
Secular changes in body build and proportions among male and female judo practitioners were not always congruent with the trends described in the literature among various populations. This indicates the need to monitor the direction of changes separately for athletes of various disciplines. The results obtained in the study with regard to the tendency for female athletes to have more body fat should prompt trainers to modify the training regimen for women accordingly. Changes in the body proportions of judokas should be taken into consideration by coaches
